02) 


UK Patent Application „ 3 ,GB ,,,,2 388 655 n3 ,A 


(21) Application No: 

(22) Date of Filing: 

(30) Priority Data: ■ 
(31) 0204411 


0307247.7 
28.03.2003 

(32) 09.04.2002 (33) FR 


(71) Applicant(s): 

Snecma Propulsion Sollde 

(Incorporated In France) 

Les Cinq Chemins, 33187 Le Halllan Cedex, 

France 

(72) Inventor(s): 
Roger Pays 
Patrick Joyez 
Clement Bouquet 
Benolt Carrere 

(74) Agent and/or Address for Service: 
Mathlsen Macara & Co 
The Coach House, 6-8 Swakeleys Road, 
Ickenham, UX BRIDGE, Middlesex, 
UB10 8BZ, United Kingdom 


(43) Date of A Publication 19.11.2003 


(51) INTCL 7 : 
F28F9/00 

(52) UK CL (Edition V ): 
F4S S2M3 S2M6 S4X 
U1S S1842 S1904 

(56) Documents Cited: 
DE 00331 3253 A1 
US 3710572 A 

(58) Field of Search: 

INT CL 7 F28D, F28F 
Other: 


US 4852645 A 


3L tt&S&SSZZSiSZG'™*' c ° mp " slns ■ pi "" ,, *" d ' ,ubu ' sr — ' -— 

(57) A heat exchanger 1 for a rocket engine nozzle is 
disclosed comprising a ceramic composite panel 4 
and a plurality of metal alloy tubes 2 forming a 
cooling circuit. The tubes carry cooling fluid and are 
covered by a textile layer 3 of high thermal 
conductivity. The textile layer may be in the form of a 
tubular structure of braided or knitted filaments 
(fig.2), or a spiral wound tape (fig.3) containing 
carbon or copper fibres. The tubes are held in* 
position against the panel by cables (fig. 4, 7), spring 
elements in the form of refractory metal sheets or 
blades (figs. 5 A-D, 40,50,60,70) or metal rods (figs. 6 
A-B). This arrangement ensures that contact between 
the panel and the tubes is maintained without the 
need to permanently attach the tubes to the panel by 
welding which means that the panels can then be 
inspected and repaired more easily. 
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A HIGH TEMPERATURE HEAT EXCHANGER STRUCTURE 

Field of the invention 

The present invention relates to the field of high 
temperature structures in which a fluid flows over the 
wall of a panel. 


Prior art 

Heat exchanger devices using fluid flow over a panel 
of a structure subjected to high temperatures are now in 
widespread use, either for cooling materials subjected to 
high temperatures, or for heating the fluid, or for both 
purposes. Thus, with regards to the cooling of 
materials, although thermostructural composite materials 
now exist which withstand high temperatures better than 
conventional materials, they still often need to be 
cooled because of the temperature levels that are 
encountered and/or because of the duration of their 
exposure to such temperatures. In numerous fields, such 
as the aerospace industry or the nuclear industry for 
example, there exist heat sources which generate 
temperatures that are so high that special technology 
must be used in order :o be able to withstand them. The 
materials which are exposed to these heat sources 
generally need to be cooled all the time they are in use 
in order to be able to guarantee a useful lifetime. 

Furthermore, heating a fluid by causing it to flow 
in a hot-walled heat exchanger is a common requirement 
that is to be found for example in the chemical industry 
(recovering heat in order to limit energy losses) and in 
the aerospace industry (heating or decomposing fuel under 
the effect of heat passing through the wall) - 

The high temperature structures known in that type 
of technology comprise firstly a panel for insulating the 
remainder of the system from the high temperatures that 
are generated, and ce=ondly a fluid flow device made up 
of a circuit of zubf-.s placed on the side of the wall 
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facing away from the source of heat. Thus, by 
maintaining intimate contact between the non-exposed face 
of the panel and the circuit of tubes, the panel can be 
cooled and the fluid flowing in the tubes can be heated. 
To this end, the tubes are fixed to the wall of the panel 
by brazing or welding, chus enabling contact to be 
established between the tubes and the panel so as to 
establish the connection required to exchange heat. 

Nevertheless, that type of assembly method presents 
manufacturing constraints that must be taken into account 
in order to guarantee that the structure is reliable. it 
is necessary to ensure continuous contact between the 
tubes and the panel during the operation of brazing, or 
welding. This implies using tooling serving either to 
15 hold the part in place or to apply a compressive force so 
as to prevent gaps forming due to expansion of the part. 

Furthermore, with that type of connection, the 
resulting device is subjected to high levels of 
mechanical stress when in use because of the difference 
between the thermal expansion coefficients of the panel 
material and of the tube material. The tubes can thus 
become separated from the wall of the panel, thereby 
considerably reducing their cooling ability and 
correspondingly reducing the lifetime of the wall 
25 material. 

Finally, in that type of embodiment, the connection 
between the tubes and the panel is permanent and cannot 
be disassembled, which excludes any kind of repair or 
maintenance . 

30 In numerous applications, the ability of the panel 

to withstand high temperatures must be guaranteed with a 
very high level of safety, given the damage that could be 
caused in the event of the panel breaking. 

3 5 Object and brief summary of the invention 

The present invention seeks to remedy the above 
drawbacks and to provide a high temperature heat 
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exchanger structure that enables high heat conductivity 
contact to be maintained between the structure and the 
fluid flow circuit without generating high levels of 
mechanical stress associated with an embedded connection 
such as a brazed or a welded connection. 

These objects are achieved by a high temperature 
heat exchanger structure comprising a panel designed to 
receive high temperature heat flux via one face, with the 
other face of the panel having a cooling circuit made up 
of one or more tubes in which a fluid flows, the 
structure being characterized in that the outside walls 
of the tubes are covered with a high thermal conductivity 
textile layer, and in that said structure further 
comprises holding neans for holding the tubes pressed in 
non-rigid manner against the panel so as to achieve 
thermal connection between the tubes and the panel. 

Thus, by mean:; cf this structure, during large 
changes of temperature, the internal mechanical stresses 
generated by the deformation of the materials associated 
with the differential thermal expansion of the tubes and 
of the panel are minimized. Contact between the tubes 
and the panel takes place via the textile layer which 
allows relative sliding between the tubes and the panel 
and which can consequently withstand changes in the 
dimensions of the various elements without breaking the 
thermal connection between the tubes and the panel. 

According to a feature of the invention, the textile 
layer is made of fibers having high thermal conductivity, 
such as fibers made of copper or of carbon. 

According to another feature of the invention, the 
textile layer can be in the form of a tubular structure 
made using braided c c knitted textile fibers, or in the 
form of a tape thr.c is spiral -wound around the tubes. 

The textile "ayar with high thermal conductivity is 
preferably of a thickness lying in the range 
0.1 millimeters (i:;m) to 0.4 mm. It can also present a 


fiber content in excess of 30% and a surface coverage 
ratio greater than 90%. 

According to a characteristic of the invention, the 
holding means comprises one or more cables held under 
tension against the tubes. 

Under such circumstances, the material of the tube- 
holdxng cables preferably presents a coefficient of 
expansion that is less cha.n or equal to that of the panel 
material. ^ 1 

According to another characteristic of the 
invention, the holding means comprises one or more spring 
elements held in compression against the tubes. ' 

The spring elements can comprise metal spring blades 
shaped to exert compression force on the tubes and 
optionally also provided with a resilient bearing support 
placed between the metal blade and the tubes. 

Alternatively, the spring elements can comprise at 
least one metal rod shaped to exert compression force on 
the tubes. 

In order to compensate the local effect of the 
transmission of the bearing force generated by the above- 
described holding devices, the tubes can present a small 
amount of differential bending relative to the wall 
During assembly, the tubes are then flexed slightly so as 
to distribute the compression force more uniformly 
through the textile layer. 

In an embodiment of the invention, the panel has 
rzbs disposed between individual tubes or individual sets 
of tubes, said ribs including housings to hold the spring 
elements in compression against the tubes. 

Grooves can be provided in the panel in order to 
form housings for receiving the tubes. 

According to a particular feature of the invention, 
the panel is made of a ceramic matrix composite material 
and the tubes are made of a metal alloy type material 
that withstands high temperatures. 
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The invention also provides a rocket engine nozzle 
characterized in that its wall includes a high 
temperature heat exchanger structure as described above. 

5 Brief description of the drawings 

Other characteristics and advantages of the 
invention appear from the following description of 
particular embodiments of the invention given as non- 
limiting examples, ar.d described with reference to the 
10 accompanying drawings, in which: 

- Figure 1 is a perspective view of a high 
temperature heat exchanger structure constituting an 
embodiment, of the invention; 

- Figure 1A is a section view of a tube having a 
15 high thermal conductivity textile layer in accordance 

with the invention; 

- Figure 2 is a fragmentary diagrammatic view of a 
tube showing a first type of high thermal conductivity 
textile layer in accordance with the invention; 

20 . Figure 3 is a fragmentary diagrammatic view of a 

tube showing a second type of high thermal conductivity 
textile layer in accordance with the invention; 

- Figure 4 is & section view on line IV- IV through 
the high temperature structure of Figure 1; 

25 _ Figures 5A r.c 5D are perspective views showing 

various embodiment of means for holding the tubes 
pressed against the panel ; 

- Figures U. and 6B are perspective views showing 
other embodiments of tube-holding means; 

30 _ Figure 7 is a diagrammatic view of a nozzle fitted 

with a heat exchanger structure of the invention; and 

- Figure 8 is a view on a larger scale in cross- 
section through a detail VIII of Figure 7. 

35 Detailed description of embodiments of the invention 

The present invention is described in particular 
with reference to Figure 1 which shows an embodiment 
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applied to a panel that is to be cooled by the flow of a 
cooling fluid. Nevertheless, the invention is not 
limited to a flow of cooling fluid. Thus, the person 
skilled in the art could easily envisage a similar 
structure in which the fluid that flows in the wall of 
the panel is intended to be heated by heat exchange with 
the panel, since under such circumstances all that 
changes is the nature of the fluid. 

Figure 1 shows a high temperature structure 1 
constituting an embodiment of the invention. The 
structure 1 comprises a panel 4 that is designed to come 
into contact via its outside face 4a with a source of 
heat. A plurality of tubes 2 make up a cooling circuit 
having a cooling fluid that flows therein, these tubes 
being placed on the inside face 4b of the panel 4. The 
outside wall of each tube 2 is covered in a high thermal 
conductivity textile layer 3 at least over the entire 
length of the tube that is common with the panel 4 . 

As can be seen in Figure 1A, which is a cross- 
section through a tube 2 in a portion that comes into 
contact with a panel, each tube 2 is entirely covered by 
the layer 3, which thus forms a sheath of thickness E x 
around the tubes . 

The layer 3 is made of a textile material which 
presents high thermal conductivity so as to provide 
between the tubes and the panel not only mechanical 
contact of a kind that can accommodate differences in 
expansion between the materials and other mechanical 
stresses, but also an effective thermal connection so as 
to allow the cooling fluid to extract a maximum amount of 
heat from the panel . 

The textile layer can be constituted by a tubular 
structure. Figure 2 shews one example of how the layer 
can be made in the form or a tubular braid 30. The braid 
30 is made by weaving high conductivity filaments 31 such 
as fibers of carbon or of copper. The def ormabil i ty of 
the braid ensures that good contact is maintained between 


the tube and the braid. In addition, such a braid can be 
manufactured industrially and it can be put into place on 
the tubes, likewise in industrial manner, since it 
suffices to transfer the braid onto a tube prior to 
assembling it with cha panel. The tubular structure of 
the textile layer could alternatively be obtained by 
knitting high conductivity filaments so as co form a 
sock, which sock can then be fitted onto the tube. 

In a variant embodiment as shown in Figure 3 , the 
textile layer which covers the tubes is obtained from a 
textile strip 20 which is spiral-wound around the tubes 
and which is fixed at its ends by means, of adhesive 21. 
The strip 20 can then be in the from of a woven cloth, a 
satin, a felt, a velvet, or indeed a tow or roving. 

In general, other materials such as molybdenum, 

gold, silver could be envisaged for constituting 

the filament or fiber constituting the high thermal 
conductivity textile. 

By way of example, the layer 3 can comprise a 
textile layer of thickness lying in the range 0.1 mm to 
0.4 mm with a fiber content greater than 30%, made of 
high conductivity filaments such as pitch-precursor 
carbon fibers treated at very high temperature or 
filaments of copper, optionally nickel -plated to limit 
problems of copper oxidizing, and presenting a surface 
coverage ratio greater than 90%. 

An advantage of the present invention is that the 
textile layer is present all around the tube. Thus, 
because of the high conductivity of the filaments making 
up the textile layer, heat from the panel can be 
distributed all around the tube. Unlike the solution 
which consists in fixing the tubes to the panel by 
brazing or welding, the invention serves to increase the 
heat exchange are a between the tubes and the panel beyond 
the area of the contact that exists between them. The 
textile layer which has high thermal conductivity serves 
to make the wall ce:aperature of the tube more uniform, 
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thus enabling heat to be transferred to the cooling 
liquid more efficiently, even when the tubes are made of 
a material that is not very conductive, such as a 
refractory alloy, for e::a:rple. This is particularly 
useful when the material -elected for the tube needs, in 
use, to satisfy other constraints such as good high 
temperature strength, low mass, and ease of shaping, all 
of which mean that metal materials with high conductivity 
need to be excluded. 

Returning to Figure l, the inside face 4b of the 
panel 4 also has ribs 5 that act as stiffeners for the 
panel. The tubes 2 run along the inside face 4b between 
pairs of consecutive ribs 5. Thus, depending on the 
spacing selected between two consecutive ribs, a space is 
defined for housing one or more tubes. As can be seen in 
Figure 4, the spacing between two ribs can be determined 
so as to form a space 1C, 11, or 12 for housing one, two, 
or three tubes respectively. in addition, grooves 9 can 
be formed in the panel $ for receiving the tubes. Thus, 
half of each tube can be ir. contact with the panel 
through the textile layer 3. 

The tubes covered in ::his way in a textile layer are 
held in contact with che wail of the panel by holding 
means that are distributed at points along the panel. 
The function of the means for holding the tubes in 
position is to ensure thac che assembly holds together by 
applying forces at various points that tend to press the 
tubes against the panel so as to guarantee a thermal 
connection between the tubes and the panel via the 
textile layer 3 . 

It is clear that a wide variety of devices could be 
envisaged for holding th= cubes in this way. 
Nevertheless, the device must be sufficiently flexible or 
elastic to allow relative movement between the tubes and 
the panel so as to be abla co accommodate the 
differential expansion o.: r.he materials that can take 
place while the structure c£ the invention is in use. It 
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is important for a compression force to be transmitted by 
the holding device against the tubes at all locations in 
the structure that are liable to be subjected to the 
expected mechanical and thermal changes, but without that 
preventing a tube from moving in translation in its 
groove. Furthermore, in order to compensate for the 
localized aspect of the way in which the bearing force 
generated by the above -described holding devices is 
transmitted, the tubes can present a small amount of 
differential bending relative to the wall. During 
assembly, the tubes are therefore flexed slightly so as 
to distribute the compression force. more uniformly 
through the textile layer. 

In the embodiment shown in Figures 1 and 2, 
mechanical contact: between the tubes and the panel is 
maintained by means of cables 7 extending perpendicularly 
to the tubes. Each cable 7 passes through openings 6 
formed in each of the ribs 5 of the panel 4 . As shown in 
Figure 4. the openings 6 are formed lower down that the 
tops of the tubes so as to enable the tubes to be pressed 
against the panel when the cable 7 is tensioned. The 
cables 7 are held under tension via their ends by 
retaining members 8 placed on either side of a panel, 
e.g. crimped ferrules of the type used in the so-called 
"safety cable" equipment that is commonly used in 
aviation. Other solutions such as twisting or knotting 
the ends of the cable could also be applied as means for 
keeping the cables under tension. When ferrules are 
used, it is preferable for the ferrules to be made of 
high temperature alloy so as to guarantee that crimpxng 
holds properly at high temperature. Similarly, in order 
to ensure that the mechanical tension exerted by the 
cables on the tubes is retained at high temperature, it 
is preferable to use a cable made of a material whose 
coefficient of thermal expansion is not greater than that 
of the panel material. For this purpose, it is possible 
to use a carbon or ceramic fiber cable of the kind 


commonly used for stitching materials that are to be 
subjected to high temperatures. In addition to its ease 
of implementation and its compact nature, the device for 
holding the tubes pressed down by means of a cable 
presents the advantage of being effective regardless of 
the number of tubes per panel. It also provides a high 
degree of accessibility to the panel, making it possible 
to inspect panel components in non-destructive and low 
cost manner. With a coefficient of expansion that is 
less than or equal to that of the panel, the localized 
forces for holding the :ubss that are exerted by the 
cables 7 remain substantially constant as temperature 
rises. This ensures that the tubes continue to be held 
properly in position over a wide range of operating 
temperatures . 

Figures 5A to 5D and SA, 6B show other examples of 
devices for holding the tubes in position. 

Figures 5A to 5D show a series of holding devices 
which are constituted by spring elements bearing against 
the ribs 5 so as to transmit compression forces on the 
tubes sheathed in the textile layer of the invention. 
The ribs need to be machined specifically for each spring 
element in order to ensure that the spring elements 
maintain pressure on th- tubes. The various spring 
elements shown in Figur, r, 3 A to 5D are made up of thin 
refractory metal sheets r. r blades, e.g. having thickness 
lying in the range 0.0 5 -m to 0.3 mm, that are shaped 
prior to being installed. The metal is a refractory 
metal so as to ensure that it retains its elastic 
properties even at high temperature. The particular 
material chosen for the spring element depends on the 
conditions of use such as the operating temperature 
range, the expected lifetime, or the chemical environment 
of the surroundings in use. 

In Figure 5A, the tubes are held in position by 
spring elements 40 that are in the form of upside-down 
omega shapes whose ends are held in housings 26 formed in 


the ribs 5 . Depending on the number of tubes present 
between two ribs, the sfiape of each spring element is 
adapted so as to ensure that a clamping force is 
maintained on each tube. 

Figure 5B shows another shape for a spring element 
suitable for use in exerting, contact pressure between the 
tubes, the textile layer, and the panel. In this 
example, the spring element 50 is held pressed against 
the tubes by receiving two folded portions of the blade 
in cavities 36 formed in the ribs 5 of the panel. 
Figure 5C shows a spring element 60 of shape similar to 
that of Figure 5B but which also comprises a resilient 
support block 62 of expanded graphite, for example, for 
increasing the holding elasticity while restricting 
vibratory stresses. Holes 51 and 61 can be made through 
the ends of the spring elements 50 and 60, respectively, 
so as to make it easier to install them with a pair of 
pliers . 

Figure 5D shows yet another embodiment of a sheet 
metal spring element. The spring element 7 0 is in the 
form of a curved blade having flaps for retaining a 
resilient support block 71. The spring element 70 is 
held pressed against the tubes by having its ends 
received in openings 56 formed in the ribs 5 . 

Figures 6A and 6E show another type of spring 
element that makes use of metal rods instead of blades. 
In Figure 6A, a holding element 80 comprises two rods 81 
and 82 presenting a shape that is close to the shape of 
the spring element shown in Figure 5A. The two rods 81 
and 82 are interconnected by a rectilinear rod 83. The 
function of the rod 83 is to prevent the rods 81 and 82 
from turning relative to their positioning axes. The 
rods 81 and 82 are thus prevented from turning 
individually. Figure 6B shows a configuration in which 
bearing rod 90 has a rectilinear rod 91 welded thereto. 
In this case, the free end of the rectilinear rod 91 is 
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received in a housing provided in the panel between two 
tubes 


The spring elements described above perform their 
function of holding the tubes pressed against the panel 
5 by elastic deformation of the metal while they are being 
put into place in their housings. Consequently, it is 
preferable for the radii of curvature presented by the 
various shapes of the spring elements to be . relatively 
long so as to avoid exceeding the elastic limit of the 
10 material. 

In addition, unlike the cable-holding device 
described above, each series of spring elements need not 
be disposed on the same line. This makes it possible to 
avoid two elements interfering with each other during 
15 installation, in particular via the holes made in the 
ribs . 

The above -described holding devices, whether using 
cables or spring elements, present small mass and size, 
and these characteristics are often negligible compared 

20 with the mass and the size of the panel. 

Furthermore, with these devices, the openings or 
housings formed in the ribs do not need to be very large. 
The impact of these passages on the structural strength 
of the panel is consequently minimal and in most cases 

25 negligible. The spacing between two holding devices on 
the panel can be adjusted as a function of the desired 
holding force. When holding is performed by means of 
cables, it is possible to place a plurality of cables in 
a single series of openings. The traction forces in the 

30 cables can be controlled so as to avoid subjecting the 
ribs situated at the ends of the panel to excessive 
bending. 

The material selected for the panel depends on 
various criteria such as weight, the ability to withstand 
certain temperatures, and the ability to withstand 
chemical attack from the source of heat. 


35 
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The high temperature structure of the invention can 
be implemented in particular in a cryogenic rocket engine 
nozzle having a wall that receives and conveys a 
combustion stream at high temperature. In this type of 
5 application, high temperature structures of the invention 
are used to form the walls of the nozzle. The panels of 
the structures are made out of a ceramic matrix composite 
material such as C/SiC or C/C, and together with the 
tubes they can present one or more bends . 
10 Figures 7 and 8 show an embodiment of the structure 

of the invention as applied to a rocket nozzle. In 
Figure 7, a nozzle 100 is covered on its outside wall by 
a structure 101 which, in accordance with the invention, 
comprises a plurality of tubes held in position against a 
15 panel by a series of cables 107 . The tubes can also be 
held in position by a series of spring elements as 
described above. More precisely, with reference to the 
detail view of Figure 8, it can be seen that the 
structure 101 comprises a panel 104 which, unlike the 
20 panel 4 of Figure 1, is curved in shape so as to match 
the shape of the wall 110 of the nozzle 100. Tubes 102 
covered in a textile layer 103 of the invention are 
uniformly distributed around the nozzle. The tubes 102 
are placed in pairs between each pair of stiffeners 105 
25 in grooves 109 that are machined in the panel 104. The 
fluid flow in the tubes can be used as a fluid for 
cooling the wall of the nozzle. The fluid can also be a 
fluid which it is desired to heat by putting it into 
contact with the nozzle. 
30 m this application, the number of tubes per panel 

and the length of the tubes can be relatively great (up 
to 500 3 m tubes per panel) . The tubes serve to convey 
fuel such as liquid hydrogen (LH 2 ) . The portion of the 
nozzle which is formed by the C/SiC structure of the 
3 5 invention operates at a wall temperature lying in the 

range 1200°C to 1800°C, while the tubes and the textile 
layer can reach a temperature of about 800°C. In 
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addition, the system must be capable of withstanding 
mechanical stresses, in particular vibration, and must 
optionally be reusable. 

In this example, with panels of ceramic matrix 
composite material such as C/SiC or c/C cooled by a 
coolant flowing in the wall of the panels via a circuit 
of metal tubes made of alloys that withstand high 
temperatures, it has been calculated that given the large 
heat flux received by the panel, the thermal conductivity 
of the connection between the tubes and the panel must be 
greater than 5 kilowatts per square meter per Kelvin 
(kW/m 2 /K) . The thermal connection between the tubes and 
the panel as made via the. textile layer associated with 
the holding means of the invention makes it possible to 
exceed that conductivity while guaranteeing permanent 
contact even in the presence of mechanical stresses. 

The above -described actively cooled high temperature 
structure can also be used in numerous other 
applications. In particular, because of its ability to 
tolerate shock and vibration in the thermal connection 
that is provided in the structure of the invention, the 
structure can advantageously be used in the nozzles and 
combustion chambers of airplane engines and rocket 
engines. It can also be used in gas turbines or in 
thermonuclear reactors. 
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CLAIMS 

1/ A high temperature heat exchanger structure comprising 
a panel (4) designed to receive high temperature heat 
flux via one face (4a) , with the other face (4b) of the 
5 panel having a cooling circuit made up of one or more 
tubes (2) in which a fluid flows, the structure being 
characterized in that the outside wails of the tubes are 
covered in a high thermal conductivity textile layer (3) , 
and in that said structure further comprises holding 
10 means for holding the tubes pressed in non-rigid manner 
against the panel so as to achieve thermal connection 
between the tubes and the panel . 

2/ A structure according to claim 1, characterized in 
15 that the textile layer (3) is made of fibers of copper or 

carbon.. 

3/ A structure according to claim 1 or claim 2, 
characterized in that the layer presents a tubular 
20 structure (30) made from braided textile fibers (31) . 

4/ A structure according to claim 1 or claim 2, 
characterized in that the layer presents a tubular 
structure made from knitted textile fibers. 

25 

5/ A structure according to claim 1 or claim 2, 
characterized in that the layer is formed by a tape (20) 
spiral -wound around the tubes. 

30 6/ A structure according to any one of claims 1 to 5 , 
characterized in that the high thermal conductivity 
textile layer is of a thickness (E x ) lying in the range 
0 . 1 mm to 0.4 mm . 

35 7/ A structure according to any one of claims 1 to 6, 
characterized in that the high thermal conductivity 


textile layer (3) comprises a fiber content in excess of 
30% and a surface coverage ratio greater than 90%. 

8/ A structure according to any one of claims 1 to 7 , 
characterized in that the holding means comprise one ' or 
more cables (7) held under tension against the tubes. 

9/ A structure according to claim 8, characterized in 
that the cable material presents a coefficient of 
expansion that is less than or equal to that of the panel 
material. 

10/ A structure according to any one of claims 1 to 7, 
characterized in that the holding means comprises at 
least one or more spring elements (40) held in 
compression against the tubes. 
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11/ A structure according to claim 10. characterized i 
that the spring elements comprise a metal blade (40; 50; 
60; 70) shaped to exert a compression force on the tubes. 

12/ A structure according to claim 11, characterized in 
that said spring elements further comprise a resilient 
support block (62; 71) placed between the spring blade 
(60; 70) and the tubes. 

13/ A structure according to claim 10, characterized in 
that the spring elements comprise at least one metal rod 
(51, 82; 90) shaped so as to exert a compression force on 
the tubes . 

14/ A structure according to any one of claims 8 to 13, 
characterized in that the tubes are slightly 
differentially curved relative to the panel. 


15/ A structure according to any one of claims 10 to 14, 
characterized in that the panel has ribs (5) disposed 
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between one or more tubes, said ribs including housings 
(26; 36; 46; 56) for holding the spring elements in 
compression against the tubes. 

16/ A structure according to any one of claims 1 to 15, 
characterized in that the panel has grooves (9) forming 
housings for the tubes (2) . 

17/ A structure according to any one of claims 1 to 16, 
characterized in that the panel (4) is made of a ceramic 
matrix composite material such as C/SiC, C/C, or SiC/SiC. 

18/ A structure according to any one of claims 1 to 17, 
characterized in that the tubes are made of a metal 
material of the type comprising an alloy that withstands 
high temperatures. 

19/ A rocket engine nozzle (100), characterized in that 
its wall (100) carries a high temperature heat exchanger 
structure (101) according to any one of claims 1 to 18-. 

20/ A high temperature heat exchanger structure, 
substantially as described herein with reference to Figures 
1 to 6 of the accompanying drawings 
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